Background. Emergency surgery has poor outcomes with high mortality. Numerous studies have reported the risk factors for postoperative death in order to stratify risk and improve perioperative care; nevertheless, a predictive model based upon these risk factors is lacking. Objective. We aimed to identify the risk factors of postoperative mortality and to construct a new model for predicting mortality and improving patient care. Methods. We included adult patients undergoing emergency surgery at Srinagarind Hospital between January 2012 and December 2014. e patients were randomized: 80% to the Training group for model construction and 20% to the Validation group. Patient data were extracted from medical records and then analyzed using univariate and multivariate logistic regression. Results. We recruited 758 patients, and the mortality rate was 14.5%. e Training group comprised 596 patients, and the Validation group comprised 162. Based upon a multivariate analysis in the Training group, we constructed a model to predict postoperative mortality-an Emergency Surgery Mortality (ESM) score based on the coefficient of each risk factor from the multivariate analysis. e ESM score comprised 7 risk factors, i.e., coagulopathy, ASA class 5, bicarbonate <15 mEq/L, heart rate >100/min, systolic blood pressure <90 mmHg, renal comorbidity, and general surgery, for a total score of 11. An ESM score ≥4 was predictive of postoperative mortality with an AUC of 0.83. e respective sensitivity, specificity, positive likelihood ratio, negative likelihood ratio, positive predictive value, negative predictive value, and accuracy for an ESM score ≥4 predictive of postoperative mortality was 70. 2%, 94.9%, 13.8, 0.3, 69.4%, 95.1%, and 91.4%. e performance of the ESM score in the Validation group was comparable. Conclusions. An ESM score comprises 7 risk factors for a total score of 11. An ESM score ≥4 is predictive of postoperative mortality with a high AUC (0.83), sensitivity (70.2%), and specificity (94.9%). Four risk factors are preoperatively manageable for decreasing the probability of postoperative mortality and improving quality of patient care.
Introduction
e mortality rate for patients undergoing noncardiac surgery in Europe-based on the European Surgical Outcomes Study-is 4% with crude mortality rates varying widely between countries (ranging from 1.2% to 21.5%) [1] . By comparison, emergency surgery has poorer outcomes and a higher mortality rate with recent studies reporting the 30-day mortality to be between 14 and 15% [2, 3] . Several studies have reported the risk factors for postoperative death in aid of risk stratification and perioperative care improvement [2] [3] [4] [5] [6] [7] [8] [9] [10] . A predictive model constructed from these risk factors would further these aims. e objectives of the current study were (a) to identify the risk factors for postoperative mortality in emergency surgery and (b) to construct a new model to predict mortality and improve patient care.
Materials and Methods
is was a retrospective and analytical study. e study was approved by the Khon Kaen University Ethics Committee in Human Research (HE581131). Since patient identification was concealed, informed consent was waived. e data extracting sheet did not contain the name or hospital number of the patient, so a unique study number was generated. We aimed to include approximately 50 risk factors. According to Tabachnick and Fidell [11] , to avoid overfitting, the required sample size (n) for a logistic regression of a full model should be 50 + 10(k). In our study, this meant a total of 580 patients were required based on 50 relevant clinical risk factors (k) and a dropout margin of 5%. All patients aged 18 or over undergoing emergency surgery at Srinagarind Hospital between January 2012 and December 2014 were thus included. Patients undergoing cesarean section were excluded. Patient data from medical records were extracted and analyzed.
Statistical Analyses.
In order to assess the fit of the developed model, the total recruited sample was randomly divided into 2 groups: 80% for the Training group to construct the predictive model and 20% for the Validation group to validate the model. Each risk factor in the Training group was assessed for the area under the receiver operating characteristic curve (AUC) and the crude odds ratio using a univariate logistic regression analysis. e risk factors with a P value ≤0.1 were included in the multivariate logistic regression analyses to identify relevant risk factors. e coefficients of each risk factor derived from the multivariate analysis were used to construct a predictive model. e discriminating ability of the model was assessed by evaluating the AUC. We determined the sensitivity, specificity, positive likelihood ratio, negative likelihood ratio, positive predictive value, negative predictive value, and accuracy of the model. e model was then validated in the Validation group by calculating the AUC and the corresponding performance. Statistical analyses were performed using SPSS version 16.0 (SPSS Inc, Chicago, IL, USA).
Results
We recruited 758 patients (110 nonsurvivors and 648 survivors). e mortality rate was 14.5%. e Training group comprised 596 patients which exceeded the required calculated sample size, and the Validation group comprised 162. e demographic and clinical data of both groups are presented in Table 1 . ere were statistically, but not clinically, significant differences in sex and age between both groups.
Model Construction.
e demographic and clinical data of nonsurvivors and survivors in the Training group are presented in Table 2 . e nonsurvivors were younger and had a higher American Society of Anesthesiologists (ASA) classification, higher preoperative intubation, higher heart rate, lower blood pressure, and lower oxygen saturation. As for comorbidities, the nonsurvivors had more infections and bleeding, higher respiratory rate, renal and coagulation derangement, more arrhythmia, and greater electrolyte imbalance. Non-survivors also had (a) a higher rate of perioperative cardiopulmonary resuscitation (CPR), lactate level, prothrombin time (PT), and international normalized ratio (INR); (b) a lower platelet count, serum bicarbonate, base excess and urine output; and (c) more blood loss leading to more crystalloid, colloid, and blood transfusions. e AUC, crude odds ratio, and P value of relevant risk factors according to the univariate analysis are presented in Table 3 . After including all relevant risk factors for multivariate analysis, 7 were identified. We constructed a model-the Emergency Surgery Mortality (ESM) score-to predict postoperative mortality based on the coefficient of each risk factor from the multivariate analysis (Table 4 ). e ESM score comprised 7 risk factors for a total score of 11. e AUC of ESM score to predict mortality was 0.91 ( Figure 1 ). We identified the cutoff point of the ESM score by plotting a sensitivity and specificity graph ( Figure 2 ). An ESM score ≥4 was predictive of postoperative mortality with an AUC of 0.83. Table 5 presents the related AUC, sensitivity, specificity, positive likelihood ratio, negative likelihood ratio, mortality prevalence, positive predictive value, negative predictive value, and accuracy at an ESM score ≥4.
Model Validation.
e ESM score was then applied to the Validation group to assess its performance. e AUC of the ESM score to predict mortality in the Validation group was 0.83 ( Figure 3 ). e discriminative ability of the ESM score to predict mortality in the Validation group is presented in Table 5 . e ESM scores in the Validation and Training group are comparable.
Discussion
e mortality rate of emergency surgery in our study is comparable with that reported in other studies [3-5, 12, 13] . e reported risk factors for postoperative mortality were shock, deteriorated level of consciousness, ischemic heart disease, time from onset of symptoms to hospital admission, a history of cardiac failure, ASA classification, development of in-hospital complications, and preoperative hypotension [4] [5] [6] [7] [8] . To our knowledge, no predictive model has been constructed from these risk factors. e suggested scoring systems for predicting mortality include the POSSUM scoring system and the American College of Surgeons National Surgical Quality Improvement Programme Universal Surgical Risk Calculator [5, 10] . ese models are used for clinical triage, decision-making, and quality assessment. Recently, there was a novel Emergency Surgery Acuity Score (ESAS), later called the Emergency Surgery Score (ESS), developed using a multivariate analysis of 18,439 and then validated in 19,552 emergency surgery cases for predicting perioperative mortality in emergency surgery patients [14] . e ESS, having an AUC of 0.86, comprises 22 independent predictors of mortality with a total score range of 0 to 29. e probability of 30-day death gradually increased from 0% to 36% and then 100% at a score of 0, 11, and 22, respectively.
is score was later validated in 26,410 cases of emergent laparotomy patients. It was concluded that it could accurately predict mortality in all types of emergent laparotomy patients [15] . e purposes of the ESS score are, however, for preoperative patient counseling and identification of patients needing close postoperative monitoring. Like the ESS score, the ESM score was constructed from all cases of emergency surgery in our hospital without exclusion of any low-risk surgery so that it could be inferred to all emergency surgery patients in other hospitals. e ESM score has different objectives. We aimed to include as many preoperative factors as possible in order to identify risk factors that can be managed preoperatively to reduce postoperative mortality. We constructed a predictive model from these relevant risk factors in order to (a) assess the prognosis of the patient and (b) improve the quality of patient management. e ESM score comprises 7 risk factors, i.e., coagulopathy, ASA class 5, bicarbonate <15 mEq/L, heart rate >100/ min, systolic blood pressure <90 mmHg, renal comorbidity, and general surgery. e model has a total score of 11 with a cutoff point of ≥4 to predict mortality with high AUC, sensitivity, specificity, and accuracy. From the 7 identified risk factors, 4 are preoperatively manageable (i.e., coagulopathy, bicarbonate <15 mEq/L, heart rate >100/min, and systolic blood pressure <90 mmHg). Coagulopathy is the most important risk factor leading to postoperative mortality with a score of 3 which is near the cutoff point of the model. If an effort is made to identify this factor and promptly correct it preoperatively, the total score of 11 can be reduced by 3, thus reducing the probability of death postoperatively. e other 3 factors (i.e., bicarbonate <15 mEq/L, heart rate >100/min, and systolic blood pressure <90 mmHg) are proxies for inadequate tissue perfusion. A strategy to promptly resuscitate the derangement of the cardiovascular system with an early goal-directed therapy protocol [16, 17] preoperatively can reduce the score by another 1 to 4, hence decreasing both morbidity and mortality.
e ESM score derived from the Training group fits well with the Validation group, underscoring the validity of this score without overfitting. e high AUC of the ESM score (0.91 and 0.83), when applied in both Training and Validation groups, indicates the high predictability of the score. e very high specificity, with high precision of the ESM score, in both the Training and Validation groups (i.e., 94.9% (95% CI 92.7-96.7) and 93.4% (95% CI 87.8-96.9)) indicates the usefulness of this model to predict the patient with ESM score <4 to survive postoperatively with very high accuracy.
us, if there is prompt, preoperative management of coagulopathy and hypoperfusion-thereby reducing the ESM score to below 4, with the pretest probability to survive of 85.5% (mortality rate 14.5%) and a positive likelihood ratio of 13.8-according to Bayes' theorem, the chances of postoperative survival improves from 85.5% to 98.8%. e ESM score is simple and can be calculated at bedside. To improve outcomes, the scoring can be done either in the emergency or surgical ward, thereby assessing and resuscitating the patient before they are being transferred to the operating theatre.
Limitations
Since this was a retrospective study, some of the data may be inaccurate and some relevant risk factors may have been overlooked. is model was constructed from patient data at a single-center university hospital, so inferential applications to other contexts would need further validation.
Conclusions
e ESM score comprises 7 risk factors (i.e., coagulopathy, ASA class 5, bicarbonate <15 mEq/L, heart rate >100/min, systolic blood pressure <90 mmHg, renal comorbidity, and general surgery). e total score is 11 such that an ESM score ≥4 is predictive of postoperative mortality with a high AUC (0.83) and a respective sensitivity and specificity of 70.2% and 94.9%. Four risk factors could be preoperatively managed so as to decrease the probability of postoperative mortality and improve quality of patient care.
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